Measurements of the polarization and the mean decay periods T" and TJL of fluorescence components and /-L parallel and perpendicular to the electric vector of plane polarized exciting light were performed for uranin dye solutions in glycerol diluted with methyl alcohol, ethyl alcohol and water. From these measurements the volume v of the dye molecule together with its solvation shell and the limiting emission anisotropy r0 for solutions of various viscosities were calculated. Both v and r0 appeared to be in general not constant and dependent on the nature of the solvent. If, as observed in one case, v and r0 are substantially constant, a good agreement between experimental values r"/r and rX/R and those evaluated from the equations of JABLONSKI is obtained (r being the mean duration of the fluorescence emitted in all directions). 
Measurements of the polarization and the mean decay periods T" and TJL of fluorescence components and /-L parallel and perpendicular to the electric vector of plane polarized exciting light were performed for uranin dye solutions in glycerol diluted with methyl alcohol, ethyl alcohol and water. From these measurements the volume v of the dye molecule together with its solvation shell and the limiting emission anisotropy r0 for solutions of various viscosities were calculated. Both v and r0 appeared to be in general not constant and dependent on the nature of the solvent. If, as observed in one case, v and r0 are substantially constant, a good agreement between experimental values r"/r and rX/R and those evaluated from the equations of JABLONSKI is obtained (r being the mean duration of the fluorescence emitted in all directions). (such a decrease follows from the theory of depolarization by thermal rotations of luminescent molecules given by , of BROWNian movements of spherical particles), JABLONSKI developed some equations for the course and the mean duration of various components of luminescence decay, particularly for the components perpendicular and parallel to the electric vector of the plane polarized exciting light. JABLONSKI'S theory was checked experimentally by SZYMANOWSKI 8 and KESSEL 9 , but the agreement appeared to be rather qualitative. The aim of this paper is to find the reasons for the disagreement between theory and previous experimental results and to gain, by more accurate measurements of polarization and mean decay times, new informations concerning the properties of fluorescent solutions.
Theory
Let an isotropic fluorescent solution be excited with plane polarized primary light. Providing that the decay of total (emitted in all directions) fluorescence intensity / follows the simple exponential law 10
I(t)=I0exp(-t/x).
(1)
JABLONSKI 11 gets for the parallel and perpendicular components of light intensity
and for the mean duration of I (t) the following relation:
/•(f) being the decrease function of emission anisotropy, r the mean value of emission anisotropy, and TH , T-L the mean durations of the parallel and perpendicular components of fluorescence. It follows from equations (2) that the decay of the components depends on the course of r(t) and in general does not follow the simple exponential law. Equation (3) is independent of the explicit form of r(t) and allows us to evaluate r, if the values rll, T-L and r are known. It follows from the above mentioned theory of PERRIN that, provided the rotations of luminescent molecules are governed by laws of BROWNian rotations of spherical particles, From equations (1), (2) and (4) 
Equations (2) and (4) lead to
The mean durations of I l (t) and I^-(t) resulting from equation (6) by use of (5) are
and hence (JABLONSKI N ) 2 r 2 r f-r 
Experimental

A) Purification of glycerol and measurements of the viscosity coefficient
As a solvent for fluorescent dyes glycerol was chosen because of its high coefficient of viscosity which may be reduced by various diluents. Since the coefficient of viscosity of glycerol is dependent on the water content it was necessary to purify the glycerol to free it from water. Commercial glycerol with 8% waser pas purified, by a method described previously by KESSEL 9 , by double distillation in vacuum (10~4 mm Hg) at a temlevel is directly excited through light absorption, i. e. without the intermediary of other levels.perature of 165 °C. Measurements of the viscosity and the density of the distilled glycerol showed that the water content was less than 0.2%. The dye was uranin and its concentration in all solutions was 10~5g/g. Dyed glycerol was mixed with various amounts of dyed water, ethyl alcohol and methyl alcohol. Several solutions of uranin with various viscosity coefficients were made. The viscosity coefficient was measured at a temperature of 20 °C with a precision HOEPPLER viscositymeter. The temperature was stabilized to ±0.1 °C. The time of fall of the ball was measured with an accuracy of 0.1 sec. The density of the solutions was found by a pycnometer with an accuracy of 0.001 g/cm 3 . The accuracy of the viscosity coefficient measurements was 1%.
B) FLuorometer and Polarimeter
To measure the mean duration of fluorescence a fluorometer, based on the principle of measuring the "phase difference" between the modulated exciting light and the fluorescence, was built (BAUER and ROZWADOWSKI 12 ). In this fluorometer an ultrasonic light modulator utilizing the effect of birefrigence produced in fused quartz by ultrasonic waves was employed. Such a modulator is much more luminous than those so far used in fluorometers. The fluorometer allows to measure the mean duration of fluorescence with errors not greater than 5-10~u sec. The emission anisotropy was measured with a photoelectric Polarimeter similar to that of WILLE 13 . To increase the sensitivity of the WILLE Polarimeter a BILLINGS light modulator and a "lock-inamplifier" were used (BAUER and ROZWADOWSKI 14 ) . In this way the accuracy 5-10 -5 of the measurements of emission anisotropy was obtained even when the photocurrent was as low as 6 • 10 -13 A.
The parallel and plane polarized exciting light beam from a 50 W bulb passed an optical system and a Zeiss light filter BG 12/2. The emission was observed through a Z e i s s light filter OG L/L (a complementary Table 1 . Decay periods in 10 -9 sec., emission anisotropy and viscosity coefficient in centipoises for the fluorescence of uranin solutions in glycerol diluted with methyl alcohol.
filter to BG 12/2). The desired fluorescence component was chosen by turning a Zeiss polaroid "Bernotar". As JABLONSKI 2 had shown, there exists a component decaying according to the simple exponential law with a decay time equal to that of the decay of the total emitted light. With polarized exciting light this decay time is that of the fluorescence component making an angle equal ^55° with I' (t55° = t).
Results
A) Fluorescence of uranin in glycerol diluted with methyl alcohol
Fourteen different solutions of uranin in glycerol diluted with methyl alcohol were prepared. The emission anisotropy of each of them was measured 12 three times; the average results are given in Table 1 . The decay periods rll , r-L and r55 of each solution were also measured three times and are also given in Table 1 . The accuracy of the emission anisotropy measurements is 10 -3 and that of decay periods 5 • 10 -11 sec. Fig. 1 shows the experimentally observed ratios rii/r and r-L/r plotted against r. The solid curves are calculated from equations (7) and (8) (7) and (8) is gained.
It has been found that values of r0 calculated by means of equation (9) can be obtained only for f values larger than 0.14 (leading to r0 = 0.34). For values of r less than 0.14 the denominator of equation (9) becomes smaller than the accuracy of the measurements of r, and the error in the calculated value of r0 becomes then greater than r0 itself.
B) Fluorescence of uranin in glycerol diluted with ethyl alcohol
Eleven different solutions of uranin in glycerol diluted with ethyl alcohol were prepared. The same measurements as in section A were performed, with results which do not differ qualitatively from those dethose given by equations (7) and (8), calculated using r0 = 0.34. It can be seen that a serious discrepancy exists between the above eqs. and experiscribed in section A. The results are given in Table 2 and plotted in Fig. 2 . The solid curves in Fig. 2 are experimental data, we find the variation shown in Table 3 and plotted in Fig. 3 . We see that r0 dement. An improved fit is obtained for r0 = 0.32 as shown by the dotted curves, but even then a serious discrepancy remains for values of r<0.2. The only way in which this discrepancy may be removed is to assume that r0 ist not constant, at least in this case. Indeed, if we calculate r0 from equation (9) and the creases with increasing concentration of ethyl alcohol in glycerol and that the decrease is very rapid between 50 and 70 mol/mol% of ethyl alcohol. Once r0 is determined it is possible to calculate the depolarization probability cp = k T/v rj. From this and the measured values the volume v of the luminescent molecule together with its solvation shell was calculated (Table 3 and Fig. 3) . Surprisingly, the volume v increases almost exponentially with the alcohol concentration. Although, as shown in Fig. 3 the uncertainty in r0 and v is rather large when the efhyl alcohol content in the solution is great, it is almost certain that the observed behaviour of v is anomalous. The reason for this anomaly may be the 5% water content in commercial ethyl alcohol. To prove this supposition similar experiments were carried out with uranin solutions in glycerol with water.
C) Fluorescence of uranin in glycerol diluted with water
Similar measurements as in Sections A und B were performed with uranin solutions in glycerol diluted with water. The results of measurements of emission anisotropy and mean decay periods (Table 4) are qualitatively similar to the previous ones and to results obtained by KESSEL 9 . There is, however, as shown in Fig. 4 , a greater difference between the theoretical and experimental values of TI'/T and r-L/r than that observed for fluorescence of uranin in glycerol with ethyl alcohol. The calculated Table 3 . Calculated values of r0, v, and cp for the fluorescence of uranin solutions in glycerol diluted with ethyl alcohol. values of r0 , cp and v are tabulated in Table 5 and plotted in Fig. 5 as a function of water content in mol/mol% in glycerol. The values of r0 decrease very abruptly and those for v increase very markedly when the water content reaches about 85 mol/mol%. 
Discussion
It follows from above experimental results that r0 is constant if uranin in glycerol is diluted with methyl alcohol but varies if the diluent is ethyl alcohol or water and the amount of the diluent is varied. In fact in the case of uranin in glycerol diluted with ethyl alcohol r0 varies from 0.32 to 0.03 as the relative amount of ethyl alcohol in the solvent varies from zero to 100%. This corresponds to a variation of the diameter of the uranin molecule together with its solvation shell from 6.4 Ä to 48 Ä. A similar behaviour of r0 has been observed previously (BAUER und SZCZUREK 15 ) in tests of the theory of PERRIN. Equation (5) can be written in the form l/r= (l+kTr/vV) r0 -1 (10) which is equivalent to a relation given by PERRIN in his theory of depolarization by thermal rotations. If we assume, with PERRIN, that r, v and r0 are constants independent of T and the relative concentration of the constituents of the solvent, then 1 \t must be a linear function of 1/rj. PERRIN goes further and assumes that r0 is a constant characteristic of the dye molecule only and is therefore the same for all diluents. In the previous investigations (BAUER and SZCZUREK 15 ) a linear relation between l/f and lfr] is indeed found for uranin in glycerol diluted with methyl alcohol, while a serious departure from linearity is observed when the diluent is either ethyl alcohol or water. JABLONSKI 4 ' n * 16 has suggested that, apart from BROWNian rotations of luminescent molecules and from transfer of excitation energy between such molecules, depolarization is also caused by their torsional vibrations. The rotations of the dye molecules influence the course of r(t), the torsional vibrations, however, only reduce r0 , the limiting value of r(t). Since the torsional vibrations depend on the nature of the solvation shell of the dye molecule, it follows that T-0 is not a molecular constant but is dependent on the temperature and on the nature of the solvent.
The question remains as to why r0 and v vary over such a wide range when the diluent is either ethyl alcohol or water, but are constant when the diluent is methyl alcohol. Water molecules are almost totally absent in the methyl alcohol solutions but present in the commercial ethyl alcohol used here and, of course, in water solutions, so, it is probable that the above mentioned different behaviour of r0 and v may be ascribed by the large dipole moment of the water molecules forming the solvation shell. Experiments to test this point should involve waterless ethyl alcohol and methyl alcohol containing water. Reports given in a previous paper (BAUER and SZCZUREK 15 ) show that in the case of uranin in glycerol + waterless ethyl alcohol, the relation between l/r and 1/rj is indeed linear. In the meantime, however, it may be of interest to speculate as to how water molecules may give rise to the observed behaviour of r0 and v. Water dissolves the alcohols much better than it does uranin and, hence, water molecules may form a solvation shell around alcohol molecules and these clusters in turn form a 13 solvation envelope around the dye molecules. Because of their large dipole moment, the water molecules forming the solvation shell may exist in long chains and thus form envelopes of large diameter. The structure of the solvation envelope has a direct effect on the torsional vibrations (on the average value of the torque moment acting on a molecule) of luminescent molecules and hence on r0.
It should be emphasized that the equations from which r0 and v are obtained, are based on the assumptions of PERRIN. The present results are therefore wholly correct only if (a) the dye molecule with its solvation shell is spherical in shape, (b) the decay of the luminescence is exponential and (c) the decrease of the emission anisotropy is exponential. It is known that the assumptions (a) and (c) are only approximately valid; nevertheless we feel that the behaviour of r0 and v presented here represents, at least qualitatively, the true picture.
I am indebted to Prof. Dr. A. JABLONSKI for formulating the problem, for many valuable discussions and for his interest in this work.
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